This paper addresses a problem encountered by a large-scale health service supply chain operating in a periodic review mode. Due to the vital nature of the products it provides, the number and timing of urgent orders are not limited. As a result, increasingly high transportation costs are incurred and the problem is to select an inventory replenishment (review) period that minimizes the transportation cost. Moreover, the supply chain involves multiple retailers which inevitably and independently respond to any change in replenishment policy since it may affect their inventory costs. Such a relationship results in a game between a distribution centre and retailers. Since the problem is intractable due to its scale and stochastic nature, we combine a game theoretic approach with an empirical analysis. We show that this system is predictable using equilibria and that the current replenishment equilibrium of the health service supply chain is close to the Nash solution. Numerical analysis shows that the transportation costs are cut if the distribution centre implements in reality its formal (Stackelberg) leadership by reducing the replenishment period. However, this does not coordinate the supply chain and greater system-wide savings are possible by increasing the replenishment period if the supply chain is vertically integrated or the parties cooperate.
Introduction
We consider a supply chain which comprises a single distributor and multiple retailers. Two supply modes, regular and urgent, characterize the system. A retailer places an order from the distribution centre at regular time intervals imposed by the distributor. Thus, the inventories are reviewed and replenished periodically. In case of a shortage, the retailer can place orders via the urgent mode. The distributor (the supplier) has ample capacity and her warehouse induces a constant inventory cost which is independent of the level of inventory handled. At the same time, transportation costs incurred by the supplier very much depend on the retailer's inventory policies. Thus, in this supply chain, the supplier seeks to find a replenishment period which minimizes the transportation cost related to both regular and urgent orders. The retailers, on the other hand, are interested in minimizing their inventory-related EQUILIBRIUM REPLENISHMENT WITH A SINGLE DISTRIBUTOR AND MULTIPLE RETAILERS 397 overall transportation costs with respect to the best response of the pharmacies (i.e. the followers) in terms of regular and urgent orders. It is also important to understand the current position of the players in terms of leadership in the supply chain: does the distribution centre really dominate (thus implementing a Stackelberg strategy) or do the pharmacies succeed in imposing an independent (Nash) strategy on the chain by means of urgent orders? What are the losses and implications associated with the current position? These are the questions which motivated the research presented in this paper.
Literature review
Many authors have addressed various replenishment policies intended for either continuous or periodic inventory review. The choice of which review policy to use depends on the corresponding costs as well as practical and organizational considerations (see, e.g. Chiang & Gutierrez, 1996; Teunter & Vlachos, 2001; Rao, 2003; Bollapragada & Rao, 2006) .
Traditionally, and in contrast to our problem, most papers dealing with periodic review inventory systems operating under regular and urgent orders assume that the review period is predetermined (for further details see, e.g. Veinott, 1966; Whittmore & Saunders, 1977; Chiang & Gutierrez, 1996; Teunter & Vlachos, 2001; Chiang, 2003; Bylka, 2005) . Specifically, Veinott (1966) and Whittmore & Saunders (1977) derive an optimal ordering policy only when regular and emergency lead times differ by one time unit. They focus on a situation in which supply lead times are a multiple of a review period. Chiang & Gutierrez (1996) and Chiang (2003) assume a relatively large predetermined review period so that the lead times can be shorter than the review period. (This assumption is similar to ours. In our study, since the retailers are located relatively close to the distributor, the lead time is short.) They develop optimal policies for regular and urgent orders at a periodic review. Teunter & Vlachos (2001) also presume that the lead times can be shorter than the review period whose duration is predetermined. A recent work by Bylka (2005) assumes that emergency orders arrive immediately (so that the lead time of a regular order is equal to 1). The measure of effectiveness is the total (or average per period) expected cost, which includes holding, shortages and both types of order costs. The typical feature of these studies is that they allow only a very restricted (normally one or two) number of urgent orders per review period.
In this paper, we combine the game theoretic approach with empirical studies which makes it possible to account for an unlimited number of urgent orders per period. To the best of our knowledge, there is no research related to the optimal review length for two supply modes. Moreover, only a few works (see Flynn & Garstka, 1997; Rao, 2003) analyse the optimal review or replenishment period for the single supply mode. Flynn & Garstka (1997) develop a model where every T periods a retailer observes the current stock level and places orders for the next T periods. They assume that the retailer orders a sequence of deliveries and distinguish between review and delivery intervals. The review period T that they find minimizes the average cost per period. Flynn and Garstka note that T should increase as order set-up cost increases; it decreases as the holding and shortage costs as well as the variance in demand increase. Rao (2003) compares two control policies: the periodic review (R, T ) policy and the continuous review, reorder point (Q, r ). He shows that an economic order interval from a deterministic analysis can provide a good approximation to the optimal T .
As mentioned above, we optimize the replenishment period in a game context to take into account conflicting goals set by the distributor, on the one hand, and multiple retailers, on the other. In such a game, the distributor is a leader, who specifies first the length of the review period T . The retailers respond with regular and urgent order quantities.
Game theory has been extensively applied to supply chain management. A vast body of literature is devoted to inventory coordination or stock-related games (for literature reviews see, e.g. Cachon & 398 K. KOGAN ET AL. Netessine, 2004; Leng & Parlar, 2005) . However, there are only a relatively small number of papers that focus on supply chains comprising multiple retailers (see, e.g. Cachon, 2001b; Wang et al., 2004) . Specifically, Cachon (2001b) studies the competitive and cooperative selection of inventory policies and assumes that each location implements a continuous review policy, the demand for the product is Poisson distributed and the supplier serves the retailers on a first come first serve basis. He shows that while a Nash equilibrium for a set of reorder points exists, it does not necessarily lead to supply chain efficiency. Thus, a competitive solution need not coincide with the global optimum. Wang et al. (2004) study a system with one supplier and multiple retailers each with her own lead time and holding cost. Each echelon uses a base-stock policy. Because the players are not cooperative and care only for their own profit, the supply chain performance deteriorates. Several contracts for the system-wide optimal cooperation are introduced.
A different setting is studied in Cachon (2001a) where one retailer sells N products with stochastic demands and trucks with finite capacity are dispatched from a warehouse. There is a constant lead time from the warehouse to the retailer. Three policies for dispatching are considered: full-service periodic review, minimum quantity periodic review and continuous review. Cachon shows that continuous review is less costly if the warehouse is close to the retailers. When the lead time is long, the advantage is small.
In this paper, we focus on the replenishment period rather than the dispatching policies. The warehouse is relatively close by and the retailers are able to issue an urgent order at any time and as many times as needed. As a result, they are continuously disrupting the periodic replenishment strategy of the distributor, which can be viewed as a constant replenishment period policy with continuous supply adjustments. We show that the replenishment period shortens when (i) the supplier is the leader, i.e. the Stackelberg strategy is employed, and (ii) the transportation cost along with the elasticity of the transportation cost with respect to the replenishment period increases. All proofs of our theoretical results are relegated to a mathematical appendix. Our empirical results are based on a case study carried out in cooperation with Clalit. The transportation costs were obtained from a sample of 16 pharmacies. To study the influence of a periodic review cycle on the transportation costs, the replenishment period for these pharmacies was changed from the original 2 weeks to 3 and 4 weeks.
Problem formulation
Consider a distribution center of ample capacity which supplies products to N retailers at each replenishment period t of length T . The distributor has a large automated warehouse. The warehouse is never completely filled up while inventory handling operations incur negligible variable costs compared to the fixed cost of maintaining the warehouse. The cost of transportation to the retailers during period T , C(T, Q t ), on the other hand, is significant and is incurred only by the distributor. The transportation cost depends on the period length T and total order quantity Q t = N n=1 q n t , where q n t is the regular order of retailer n, n = 1, . . . , N , at period t. We assume that urgent orders depend on both T and Q t and thus affect C(T ,Q t ), which will be studied empirically.
Since the overall number of products each retailer orders is overwhelming, similar to supply contracts which specify the total purchase when dealing with multiple products (see, e.g. Anupinidi & Bassok, 1998) , we consider an aggregate order over all items of retailer n, q n t , measured in monetary units. Various researchers report that aggregating data in about 150-200 points normally result in less than 1% error in estimating the total transportation costs (Ballou, 1992; Hause & Jamie, 1981) . In addition to the regular orders, the distributor allows for special orders in case of emergency. Since these contingent orders involve small quantities, they do not affect the retailers' inventory costs. However, as mentioned above, they do affect the transportation cost of the distributor, C(T ,Q t ), since special, smaller capacity vehicles are employed to carry out urgent orders. This is to say, by increasing the length of period T or decreasing the frequency of supplies-both are the same-the distributor diminishes the transportation cost of regular orders. This, however, causes the retailers to boost urgent orders required for the entire period T , thereby inducing additional costly transportation costs for the distributor. As a result, although the supply chain is formally centralized, the situation reflects a classical non-cooperative game in which the distributor is a leader, who sets first the length of the regular review period T and the retailers respond with regular and urgent order quantities. The distributor's strategy in this game is referred to as the Stackelberg solution.
The distributor's problem
The distributor's problem is to minimize her expected transportation cost per unit time:
Note that although order Q t is the total result of retailer decisions at period t, the length of the period T is independent of t, as the distributor adopts a constant-period review policy.
The retailer's problem
Let d n it be the customer demand rate for retailer n at ith time unit of period t. The demand is random and characterized at each time unit i by probability density f n (·) and cumulative distribution F n (·) with mean µ n and standard deviation σ n . Denote the demand for T time units at period t as
and its density and cumulative functions as f nT (·) and F nT (·), respectively, with mean T µ n and standard deviation √ T σ n . The retailer n problem is to minimize her expected inventory costs per unit time:
where
Next, applying the first-order optimality condition to a single-period term of (5) (i.e. differentiating a single term of (5) and setting it at zero), we obtain the single-period newsvendor-type optimal policy
Denote the base-stock value by s nT ,
such that
Retailer n then orders up to this stock level s nT if the current level of inventory is less than s nT , otherwise she does not order at all. Assuming that initial inventory is less than or equal to s nT , we observe that if this single-period solution (which is myopic as it ignores possible effects of the other periods) is applied at each period, then X n t+1 s nT for each t. This argument is then used in the following theorem (detailed proof can be found in, e.g. Zipkin, 2000) . THEOREM 1 The myopic stationary base-stock policy with base-stock level s nT is optimal for multiperiod problem (3-4).
We thus determined the best retailer's n response, q n t = s nT − X n t , to any replenishment period T set by the distributor. In practice, retailers are not always able to calculate their unit backlog costs. However, the value of
which is referred to as the service level (i.e. 1−w is the probability of backlog
is frequently used by the management as a goal to be met. The higher the goal (the service level) set, the greater the base-stock level and thus the lower the risk of backlogs induced by random demands.
Stackelberg strategy
Given initial inventory levels, the retailers' orders are deterministic at the first period. Therefore, calculating the expectation in (3) we find that
The distribution of the total order, f Q (ξ t ), can be determined with the aid of Theorem 1. Indeed, from (4) and (7), we have
and thus
. . . Consequently, the distribution of the optimal orders q n t , t 2 (for a replenishment period of length T ), is identical to the demand d nT t distribution. Since the demand distribution per time unit is assumed to be independent of time, i.e. d nT t is stationary, the distribution of the total order
is stationary as well with mean T N n=1 µ n and standard deviation T N n=1 σ 2 n . Since the problem data are stationary, (9) simplifies to
Assume that the probability of extremely high demands is negligible and a much stretched replenishment period results in enormous transportation costs due to urgent orders. This, along with the constraints T 0 and Q t 0, implies that the solution sets for T and Q t are compact. Consequently, the limit in the last expression results in
The equilibrium is then obtained by assuming that f Q (·) depends on T and by applying the first-order optimality condition with respect to T :
Denoting
dξ and a solution of (11) in T by α, we conclude with the following theorem. 
THEOREM 2 If

Nash strategy
To compare the effect of leadership on the game between the supply chain parties, we next assume that there is no leader in the chain. This implies that the distributor and the retailers make their decisions simultaneously so that in contrast to the Stackelberg strategy, the distributor's objective function (1) is minimized as though the total order quantity Q t (and hence, f Q (·)) does not depend on T . Then, applying the first-order optimality condition to the objective function (10), we obtain
Introducing
f Q (ξ )dξ and denoting a solution of (12) in T by β, we conclude with the following theorem. = s nβ − X n t for t = 1, 2, . . ., n = 1, . . . , N constitute a Nash equilibrium in the distributor/retailer replenishment game.
Theoretical results for a normal distribution of the demand
As discussed above, independent optimization of the retailers' responses results in the distribution of the optimal orders q n t (for a replenishment period of length T ) identical to the demand d nT t distribution. Assuming that the demand distribution is normal and its mean is greater than its three standard deviations (to ensure that the probability of negative demands is negligible), we observe that f nT (·) and F nT (·) are normal density and cumulative functions with mean T µ n and standard deviation √ T σ n . Then the total optimal order, Q t , is characterized by the normal distribution as well. Note that if the demand is independent at each time unit (i.e. stationary), then according to the central limit theorem, summation of independent demands over T time units tends to the normal distribution even if the demand at each time unit is not normal. In other words, the normality assumption of this section is not very restricting.
Our first observation with respect to the normal distribution is related to the retailers' objective functions. When T = 1, the standard deviation of demand d n per time unit is σ n . When T increases, the standard deviation reduces,
. Therefore, similar to the pooling demand effect widely employed in supply chains, the retailer's expected inventory cost per time unit is a monotonically decreasing function of T (see Fig. 2 ). This is shown in the following proposition by utilizing the standard normal density function Φ(·).
PROPOSITION 1 Let f nT (·) be the normal density function with mean T µ n and standard deviation √ T σ n . Then the greater the replenishment period T , the lower the retailer's expected inventory cost per period, J n r , so that ∂ J n r ∂ T < 0 and
The following observation is related to the Nash solution. Considering now the distributor's cost J d , the best response of the distributor, T = T R (s nT ), as well as of retailer n, s nT = s R nT (T ), we obtain the following properties.
PROPOSITION 2 Let f nT (·) be the normal density function with mean T µ n and standard deviation √ T σ n . Then the distributors cost and, hence, best distributor's response do not depend on retailer n basestock level, ∂ T R ∂s nT = 0. On the other hand, the best retailer n response does depend on the replenishment period: the greater the replenishment period T , the larger the base-stock level There are two important conclusions related to Proposition 2. The first conclusion is concerned with the supply chain performance and thereby the corresponding centralized supply chain. If the supply chain is vertically integrated with one decision maker responsible for setting both a replenishment period and a base-stock level for each retailer, then the centralized objective function is a summation of all costs involved:
The distributor's cost J d is independent of the base-stock level, as shown in Proposition 2. Therefore, applying the first-order optimality condition to J (T ) with respect to either q n t or s nT , we obtain (6). This implies that the condition for the Nash base-stock level is identical to the system-wide optimality condition. Next, to find the system-wide optimality condition for the replenishment period, we differentiate J (T ) with respect to T , which, when taking into account (12) and (A.1), results in
Comparing (14) and (12), we find the following property.
PROPOSITION 3 Let
∂ B
∂ T >0 and f nT (·) be the normal density function with mean T µ n and standard deviation √ T σ n . The system-wide optimal replenishment period and base-stock level are greater than the Nash replenishment period and base-stock level, respectively. Proposition 3 sustains a well-known observation that vertical competition causes the supply chain performance to deteriorate. Similar to the double marginalization effect, this happens because the retailers ignore the distributor's transportation cost by keeping lower, base-stock inventory levels. The distributor, on the other hand, ignores the retailer's inventory costs when choosing the replenishment period. Figure 2 illustrates the effect of vertical competition on the supply chain.
Theorem 3 derives conditions when Nash equilibria exist. The second property, which is readily derived from Proposition 2, is related to the uniqueness of the Nash solution.
PROPOSITION 4 Let f nT (.) be the normal density function with mean T µ n and standard deviation √ T σ n . The Nash equilibrium (T * , s * nT ) determined by Theorem 3 is unique.
Empirical results and numerical analysis
Closed-form equilibrium expressions under normal demands
Thus, the total order probability density function is
Guided by our empirical results, which are discussed below, we consider an exponential function of the transportation cost, C(T, Q) = a e bT Q . Substituting this into (11), we obtain an explicit closed-form
expression for Stackelberg equilibrium replenishment period T * = α:
Similarly, substituting the normal distribution and exponential cost function into (11), we find an expression for the Nash equilibrium replenishment period T * = β:
Both (15) and (16) are numerically studied next.
Empirical results
The transportation costs were obtained from a sample of 16 pharmacies, which are being supplied every 14 days on a regular basis exclusively from Clalit's primary distribution centre. The base-stock policy was determined according to service-level definition and demand forecasts. Pharmacists place their orders using software that computes replenishment quantities for every item with respect to the base-stock level. The pharmacist electronically sends the completed order to the distribution centre for packing and dispatching. If there is a shortage or expected shortage before the next planned delivery, the pharmacist can send an urgent order to be delivered not later than two working days from the time of the order. An external subcontractor (according to the outsourcing agreement) delivers the orders to the pharmacies. The contractor schedules the appropriate vehicle (trucks in case of regular orders and minitrucks for urgent orders) according to the supply plans for the following day. Delivery costs depend on the type of the vehicle used (track or mini-track) and the number of pharmacies to be supplied with the specific transport.
To estimate the influence of a periodic review cycle on the transportation costs (planned and urgent deliveries), the replenishment period for the 16 pharmacies was changed from the original 2 weeks to 3 and 4 weeks. This resulted in a total of 18 replenishment cycles representing 34 working weeks. Monthly sales of the selected pharmacies varied from NIS 200,000 [$50,000] to NIS 544,000 [$136,000] . Each order that was sent from a pharmacy was reported, and each transport, with every delivery on it, including invoices that were paid to vehicle contractor was reported. The data, processed with SPSS non-linear regression analysis, indicate that the resultant parameters of the transportation cost function are a = 4463, b = 0.0000163, while both parameters of the selected cost function are statistically significant at levels of P value much smaller than the accustomed maximum 5% (0.05) requirement. Specifically, the significance levels of a and b are 3.0653 ×10 −12 and 1.08651×10 −09 , respectively.
Numerical analysis
The goal of our numerical analysis is to check whether this supply chain is predictable using equilibria and how it is affected by the distributor's leadership. In other words, we compare the objective functions (1) and (3), as well as the effect on the overall supply chain (the sum of (1) and (3)). Specifically, with distributor leadership, its expected cost (10) 
Since α is found by minimizing the entire objective function J d1 , while β assumes that the normal probability function is independent of the period T , the distributor obviously is better off if she is the leader and therefore decides first rather than when the decision is made simultaneously (no leaders).
Similarly, retailer n expected cost under the distributor leadership is
while under no leadership it is
The numerical results of our empirical studies show that the current equilibrium of Clalit's supply chain, which is an outcome of many adjustments it has undergone during many years of operations, is close to and positioned in between both the Stackelberg and the Nash equilibria. This is in contrast to the skepticism of many practitioners who believe that a theoretical equilibrium is hardly attainable in real life. Specifically, the equilibrium replenishment period under equal competition is about 16 days, the current replenishment period is 14 days and the equilibrium under the distributor's leadership is 11 days. Figure 1 presents the equilibria over the distributor's transportation cost function. The Stackelberg equilibrium demonstrates the power the distributor can harness as a leader. The economic implication of harnessing the distributor's power is about 20 NIS per day [$4 per day] for the sampled supply volumes. The annual significance (which is an estimate based on extrapolating our results), in terms of the overall supply chain, is NIS 1.4 [$0.35] million or 14% of the total delivery costs. Interestingly enough, the current equilibrium is closer to the Nash replenishment period rather than to the Stackelberg which sustains Clalit's managerial intuition that its distribution centres do not succeed in taking full advantage of their power over the pharmacies. There are also pragmatic reasons/benefits for the current period being 14 days rather than 11 (according to the Stackelberg strategy) related to the order for each pharmacy being placed on the same day of the working week. Figure 2 presents the results of the calculation for the supply chain as a whole, i.e. including the retailers' inventory management costs and the distributor's transportation costs. 
FIG. 2.
Supply chain costs (TC-total supply chain cost, NIS; J r -total retailers cost, NIS; J d -distributor's transportation cost, NIS; T -system-wide optimal period, days; β = 16 and α = 11-Nash and Stackelberg equilibrium replenishment periods, respectively).
In Fig. 2 , the total costs for the Stackelberg, current and Nash strategies as well as the systemwide optimal (global) solution appear as dots on the total costs curve. From this diagram, it is easy to observe the effect of the total inventory-related cost on the entire system performance. Specifically, we can see that if the supply chain is vertically integrated or fully centralized and thus has a single decision maker who is in charge of all managerial aspects, the system-wide optimal replenishment period is 18 days versus the current equilibrium of 14 days. The significance of this gap (which agrees with Proposition 4) is that more than 3 million NIS could be saved if the system were vertically integrated. If the distributor attempts to locally optimize (the Stackelberg strategy), this would lead to annual savings in transportation costs of only 1.4 million NIS. However, the significance of such an optimization for the supply chain as a whole is a 'loss' of 8 million NIS. This is the price to be paid if the supply chain is either decentralized or operates as a decentralized system. Finally, to understand the sensitivity of the results, particularly of the replenishment periods to the transportation cost, we next conduct a sensitivity analysis.
Sensitivity analysis
Elasticity ζ of the transportation cost with respect to the replenishment period T , ζ = bQT, shows the relative change in transportation cost when the length of the replenishment period changes by 1%. An important question relates as to what extent the transportation costs should increase, or the characteristic parameter b (elasticity per $1 and 1 day) amplify so that the distributor will need to reconsider her supply policy from periodic review towards continuous review.
Specifically, if the elasticity per $1 and 1 day changes, say three times from b = 0.0000163 to b = 0.0000489, then the Nash period falls 1.77 times and the Stackelberg period decreases 1.83 times, attaining 7 and 5 days, respectively (see Fig. 3 for detailed sensitivity of the equilibrium periods with respect to b). On the other hand, in terms of the elasticity of the transportation cost, the change required is less than that for b. We observe this by first plugging into the equation for ζ , ζ = bQT = 0.0000163QT, the current average value of Q and current T, to find that ζ = 0.4. Next, we find that ζ = 0.54 when setting b = 0.0000489 (if we increase it three times), T equal to the corresponding Nash value β from Fig. 3 and Q equal to the total average order when T = β. Thus, if b increases three times, the elasticity with respect to the Nash period increases only 1.62 times. Similarly, we find for the Stackelberg period, i.e. T = α, that ζ = 0.27 and the elasticity increases only 0.84 times. This is to say that when reconsidering review policy from periodic to continuous, the transportation costs must significantly increase, while the elasticity with respect to the replenishment period does not need to increase to such an extent.
Conclusions
This research was motivated by increasingly high transportation costs incurred by a large health service provider which is part of a supply chain consisting of multiple retailers (pharmacies) and a distribution centre. The costs were attributed to unlimited urgent orders that the retailers could place in the system. Management's approach to handling this problem was to reduce the replenishment period or even reconsider the policy from periodic to continuous-time review. The latter in the current conditions would simply imply daily (regular) product deliveries.
For the case of a normal demand distribution, we show that similar to the pooling demand effect widely employed in supply chains, the retailer's expected inventory cost per time unit is a monotonically decreasing function of the replenishment period. Furthermore, using the game theoretic approach we find that the distributor's cost and, hence, optimal distributor's response do not depend on the retailer's base-stock level. On the other hand, the optimal retailer's response does depend on the replenishment period: the greater the replenishment period, the larger the base-stock level. As a result, the Nash equilibrium is unique and the system-wide optimal replenishment period and base-stock level are greater than the Nash replenishment period and base-stock level, respectively.
Due to the large scale of the supply chain, its stochastic character and urgent mode of orders, the choice of an optimal replenishment period is an intractable problem. To overcome this in our study, we combined the game theoretic approach with an empirical analysis. As a result, closed-form expressions for Nash and Stackelberg solutions were derived. A numerical analysis of these solutions shows that if a distributor imposes her leadership on the supply chain, i.e. acts as the Stackelberg leader, then the replenishment equilibrium period is reduced. This makes it possible to cut high transportation costs. However, these costs must be much higher in order for the distributor to reconsider her review policy from periodic to continuous. Moreover, both theoretical and empirical studies show that if instead an imposed leadership on the supply chain, it is vertically integrated or the parties cooperate, then the potential savings in overall costs are much greater. In such a case, the replenishment period must increase towards the system-wide optimal period rather than decrease or transform into a continuous review policy. Thus, in the short run, imposing leadership by reducing the replenishment period may cut high 408 K. KOGAN ET AL. transportation costs. However, in the long-run, greater savings are possible if, e.g. the vendor managed inventory approach is adopted by the retailers or imposed on the retailers by the health provider. In such a case, a distribution centre will decide when and how to replenish inventories and thus the system will become vertically integrated with respect to transportation and inventory considerations. This illustrates the economic potential in cooperation and a total view of the whole supply chain.
